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RÉSUMÉ 
Le changement climatique et l’augmentation des besoins en eau due à une urbanisation rapide ont 
provoqué une pénurie d'eau dans les mégalopoles des pays asiatiques. Le souci de la durabilité de 
l'utilisation de l'eau en milieu urbain est une forte motivation poussant à comprendre l'utilisation 
potentielle de l'eau de pluie dans les zones urbaines. Il est nécessaire de réexaminer le système 
actuel de l'utilisation de l'eau en milieu urbain et de proposer un nouveau système qui soit adapté à 
l'évolution future du climat. L'eau de pluie a été utilisée pour répondre à l’accroissement des besoins 
en eau dans les zones urbaines. Du point de vue de l'utilisation durable de l'eau, il a été reconnu qu’il 
s’agit d’une ressource urbaine précieuse en eau libre d’accès. Il faudrait l’utiliser en appliquant une 
politique appropriée de gestion de la qualité de l’eau. La présente étude résume les pratiques passées 
et actuelles sur l'utilisation des eaux de pluie au Japon. Les résultats de l’étude sur l'évaluation de 
l'eau de pluie et l’infiltration sont présentés. Pour promouvoir l’infiltration des eaux pluviales pour la 
recharge des eaux souterraines ainsi que la collecte directe des eaux pluviales, nous avons effectué 
un travail de surveillance de la qualité de l'eau dans une installation d'infiltration des eaux de 
ruissellement des routes. Une nouvelle méthode de gestion est proposée. L'eau de pluie est 
correctement attribuée à l'utilisation de l'eau en milieu urbain en tenant compte de l'équilibre entre 
l'offre et la demande en eau dans les villes. Nous continuons d’appliquer des stratégies possibles 
d'utilisation des eaux de pluie en vue d’une utilisation durable de l'eau urbaine, en tenant compte du 
changement climatique. 
 
ABSTRACT 
Climate change and increased water demand through rapid urbanization have caused water scarcity 
in mega cities in Asian countries. Concern about the sustainability of urban water use is the strong 
motivation to understand the potential use of rainwater in urban area. It is necessary to reexamine the 
current urban water use system and propose a new one adaptive to the future climate change. 
Rainwater have been applied to meet the increased water demand in urban area. From the viewpoint 
of sustainable water use, it has been recognized as precious urban self-owned water resources. It 
should be utilized under appropriate water quality management. In this research, the past and current 
practices on utilization of rainwater in Japan are summarized. The research results on evaluation of 
rainwater harvesting and inflitration is introduced. To promote rainwater infiltration for recharge of 
groundwater as well as direct rainwater harvesting, we conducted water quality monitoring work at a 
road-runoff infiltration facility. A new management method is proposed. Rainwater is properly allocated 
to urban water use by considering the balance between water supply and demand in cities. We are 
pursuing possible strategies of rainwater use towards sustainable urban water use considering the 
climate change. 
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1 INTRODUCTION 
In Japan, with rapid industrialization, urban water demand has been continuously increasing. To 
respond to the increased demand, many dams have been constructed. In the 21st century, we are 
faced with series of drought, flood, water pollution, and new consequences caused by global warming 
and climate change. We re-evaluate urban water use strategies suitable for the Arakawa watershed 
which supports water demand in Tokyo and Saitama. In this research, considering the future climate 
change, we developed a design methodology for urban water use based on predicted availability of 
various water resources in the future. We integrated new findings on water quantity and quality 
evaluation methods, consumer acceptance to urban self-owned water resources including rainwater 
and reclaimed water so that the design methodology for sustainable urban water use could be 
adapted to climate change. In this paper, we focused on research work on rainwater harvesting and 
infiltration. In this study, we evaluated rainwater use potentials for both residential areas and non-
residential areas. The rainwater utilization ratio was discussed by the rainwater use divided by the 
effective annual rainfall.  
 
2 METHDROLOGY 
2.1 STUDY AREA 
The study area is the Arakawa watershed located in Tokyo and Saitama Prefectures as shown in 
Figure 1 which has the catchment area of 2,940 km2, the river length of 173 km, the population of 
9,300,000 people and the population density of 3,100 people/km2. It consists of 20 wards and 14 
municipalities in Tokyo Prefecture and 45 municipalities in Saitama Prefecture. It plays an important 
role as the source of water for irrigation, industry and domestic water supply, while it can still cause 
serious flooding. 
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Fig.1 Location map of Arakawa watershed 
 
2.2 Estimation of rainfall harvesting 
In order to estimate the effectiveness of the rainwater harvesting, the numerical simulations were done 
in the following approach. The effective daily rainfall (Re) comes down on the roof of the catchment 
area (A) to be collected in the storage tank whose capacity (V) is expressed as the specific ratio (Sr 
=V/A). The stored rainwater in mm is deducted by the maximum daily water demand height (Wd). If 
the stored rainwater is not sufficient for the maximum daily water demand height (Wd), the water from 
the other source such as tap water or groundwater or reclaimed water etc. is compensated. Finally, 
the annual rainwater available days and the capable amount of annual rainwater use are calculated 
according to the variation of specific ratio (Sr) of storage volume (V) against the catchment area (A). 
3 RESULTS AND DISCUSSION 
3.1 Prediction of rainfall in the future 
Changes in precipitation have a significant impact on quantity and quality of surface water. In order to 
design urban water use properly, it is imperative to quantitatively evaluate the frequency and severity 
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of drought. We predicted future drought condition compared to the current average rainfall using 
output at the global warming scenario of RCP4.5 from five Global Circulation Models (GCMs). The 
outputs from the GCMs were dynamically downscaled with the combination of pseudo global warming 
method and the Weather Research and Forecasting model. Figure 2 shows the frequency of annual 
rainfall below 75% of the current average in the Kanto Region using outputs from the five GCMs. 
Higher frequency of drought is anticipated in the future for the Arakawa watershed. During the period 
from 2060 to 2070, annual rainfall below 75% of the current average is likely to increase. Higher 
variation of precipitation under climate change also affects recharge of groundwater and surface water 
flow. In the case of highly varying rainfall pattern, rainwater harvesting potential is decreased. 
Furthermore, global warming is deteriorating reservoir water quality, whereas more frequently 
occurring heavy rainfall causes higher turbidity of surface water resulting in additional treatment to 
meet the required water quality. 
 
Fig.2 Frequency evaluation of annual rainfall below 75% of the current average in Kanto Region using 
outputs from the five GCMs. 
 
3.2 Rainwater harvesting and infiltration 
3.2.1 Estimation of rainwater utilization potential 
Rainwater harvesting is expected to contribute to the preservation of water resources. It becomes 
necessary to estimate how much rainwater can be utilized in a watershed. The total roof area of 
houses and buildings were estimated for Tokyo and Saitama Prefectures. The roof area is classified 
into two groups which are the residential area and the non-residential area such as industrial, 
commercial and public use areas. The roof areas were based on the Geographic Information System 
(Tokyo Urban Development Bureau, 2004) and Digital Land Use Map 5000 (Geospatial Information 
Authority of Japan, 2010). The results are illustrated in Figure 3 (left) for the percentage of the roof 
area to the total area of each municipality. In this study, the maximum amount of available rainwater 
was estimated in Arakawa watershed for the current climate and future climate. In this estimation, we 
assumed that all residential and non-residential buildings are equipped by rainwater harvesting tanks 
with capacity of 20mm and 50mm rainwater equivalent to roof area, respectively. Figure 3 (right) also 
shows that the rainwater utilization potential can be estimated as about 295 million m3 in the whole 
watershed, which corresponds to 85mm rainfall equivalent in the current climate. Comparison with the 
current condition, the potential will be reduced by 15 % at the maximum case among the 5 GCMs. 
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Fig.3 (Left) Distribution of roof areas percentage to the total area for municipalities in Arakawa 
watershed (Right) Rainwater utilization potential for current and future climates. 
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3.2.2 Water quality in road runoff infiltration facility 
A new type facility of road runoff infiltration was constructed to investigate its water quality dynamics. 
The infiltration facility is illustrated in Figure 4 (left). A special device was installed at the gutter part to 
remove first-flush road runoff. After the first-flush, road runoff is introduced to storage tank and then  
overflowed to the infiltration unit. In addition, capillary columns functions to supply water to water-
retaining pavement so that temperature of heated road is reduced by evaporation. It can contribute to 
mitigation of urban heat-island phenomenon. Continuous water quality monitoring in the storage tank 
was carried out using a multi-item water quality meter (water temperature, pH, DO, EC, turbidity). 
Figure 4 (right) also shows the water quality change for the year of 2013. When road runoff was 
introduced to the storage tank, turbidity peak was observed while EC was decreased. After the event, 
EC increased again until next event. The dynamic change of turbidity and EC provide useful 
information for facility management. In addition, DO decreased during summer season (from June to 
August) since biological activity was enhanced under higher temperature conditions. 
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Fig.4 (Left) Road-runoff infiltration facility with a evaporation function from the sidewalk pavement 
(Right) Continuous water quality monitoring data in storage tank for a whole year. 
 
4 CONCLUSIONS 
The case study to estimate the potential for rainwater utilization in the Arakawa river basin was carried 
out. The following conclusions were derived through the case study; 
When all residential and non-residential buildings are equipped by rainwater harvesting tanks with 
capacity of 20mm and 50mm rainwater equivalent to roof area, respectively, the rainwater is available 
for 240 days (65% of a year) for residential areas and 143 days (40% of a year) for non-residential 
areas. The rainwater utilization potential is changeable in each municipality according to the roof area 
rate. But the sufficiency rates are relatively uniform (0.3-0.5). Approximately 10 % of the domestic 
water can be supplied by rainwater. 
A new type facility of road runoff infiltration was constructed to investigate its water quality dynamics in 
stored water. It was found that EC sensing provided useful information for facility management. A 
special device of capillary columns functions to supply water to water-retaining pavement so that 
temperature of heated road was reduced by evaporation.  
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